Study Objective: Native Hawaiians and Pacific Islanders (NHPIs) have the lowest attainment of healthy sleep duration among all racial and ethnic groups in the United States. We examined associations of neighborhood social cohesion with sleep duration and quality.
Introduction
Inadequate sleep duration and quality have been linked to various negative health outcomes. The National Sleep Foundation recommends that adults receive at least 7 hours of sleep per night [1] . However, data from the 2014 Behavioral Risk Factor Surveillance System (BRFSS) revealed differences in the attainment of healthy sleep duration by race and ethnicity, with Native Hawaiians reporting 53.7%, African Americans 54.2%, American Indians and Alaskan Natives 59.6%, Asians 62.5%, Hispanics 65.5% and finally, non-Hispanic Caucasians reporting 66.8% [2] . While accounting for only 0.5% of the US population [2] , Native Hawaiians and Pacific Islanders (NHPIs) suffer disproportionately from acute and chronic diseases [3] , socioeconomic challenges [4, 5] and decreased life expectancy [6] compared to other racial and ethnic groups.
In addition to the 2014 BRFSS findings, a report utilizing 2009 Hawaii BRFSS data found that Native Hawaiians were more likely to report a higher prevalence of frequent insufficient sleep compared to other racial and ethnic groups in the state [7] . However, this report included a small sample size and was not nationally representative of the NHPI population. While the reasons for insufficient sleep in NHPIs remain unclear, occupational characteristics, behavioral factors, and exposures to environmental stressors have been hypothesized to lead to poor sleep in other minority racial and ethnic populations [3, 4, [8] [9] [10] .
The neighborhood environment is particularly relevant for NHPIs, as this population faces immense socioeconomic challenges that directly impact the communities in which they live. Native Hawaiians have among the lowest median income and secondary educational attainment and highest percentage of poverty [11] and incarceration [12] of all racial and ethnic groups in the State of Hawaii. Due to these challenging socioeconomic circumstances, NHPIs are overrepresented in Hawaii's homeless population and are more likely to live in dangerous and povertystricken neighborhoods [13] .
Neighborhood factors are increasingly recognized as determinants of health and health behaviors, including sleep duration and quality. The evidence suggests that neighborhood factors, such as social cohesion, may play an integral role as determinants of sleep and other health behaviors through social support and trust, reinforcement of social norms and pursuit of shared collective goals [14] [15] [16] . Decreased neighborhood social cohesion has been associated with other health outcomes such as decreased preventive healthcare use [8] and physical activity [16] and increased risk of stroke [9] , depression, and psychological distress [10] .
Using data from the Native Hawaiian and Pacific Islander National Health Interview Survey (NHPI NHIS), we examined cross-sectional associations of individual-level risk factors and neighborhood social cohesion with multiple sleep outcomes in NHPIs. We hypothesized that low neighborhood social cohesion level would be associated with shorter sleep duration and worse sleep quality in NHPIs.
Methods

Participants
Participants for this study were participants in the 2014 NHPI NHIS. The NHPI NHIS utilized the 1997 Office of Management and Budget's definition of Native Hawaiian or Other Pacific Islanders to identify participants: "A person having origins in any of the original peoples of Hawaii, Guam, Samoa, or other Pacific Islands." [17] NHPI NHIS was the first federal survey designed exclusively to measure the health of the NHPI population residing throughout the United States and consisted of inperson household surveys administered in 2014 by the National Center for Health Statistics (NCHS), which conducts the annual NHIS. Due to the challenges and costs associated with recruiting a sufficiently robust sample of individuals identifying as NHPI, households were initially identified using data from a single year of the American Community Survey, an ongoing survey conducted by the US Census Bureau [18] .
Trained interviewers from the US Census Bureau collected data using the standard 2014 NHIS survey instrument, modified only as necessary for sample control and to meet legislative requirements. Information was obtained from 3197 households (11 085 individuals; 3212 families). One household respondent provided information about all members in the home. If at least one civilian household resident was identified as being NHPI, either alone or in combination with one or more races, the household was screened and interviewed after obtaining verbal informed consent. If multiple adults identified as NHPI, one adult from each family was randomly selected as the "Sample Adult" (n = 2590).
Individuals from all 50 states and the District of Columbia were included in the sample. Overall, 8697 individuals were identified as NHPI. The overall household response rate was 78.6%, while the response rate for the Sample Adult component was 82.8%, resulting in a final response rate of 64.8% [1] . The stratified two-stage area probability sample design and cohort selection procedures have been described in detail elsewhere [18] .
Sleep duration and quality
The main dependent variables in this study were sleep duration and sleep quality, assessed using modified items from the Pittsburgh Sleep Quality Index (PSQI) and Global Sleep Assessment Questionnaire (GSAQ), for which psychometric properties have been previously described [19] [20] [21] . To assess sleep duration, participants were asked the following PSQImodified question: "On average, how many hours of sleep do you get in a 24-hour period?" Participants reported their average 24-hour sleep duration, which was modeled as a categorical variable classified as short (<7 hours), intermediate (7-9 hours), and long (>9 hours), based upon the most recent age-specific National Sleep Foundation's Sleep Guidelines for young adults and adults [1] . To assess sleep quality, participants were asked the following four questions: "In the past week, how many times did you have trouble falling asleep?", "In the past week, how many times did you have trouble staying asleep?", "In the past week, on how many days did you wake up feeling well rested?", and "In the past week, how many times did you take medication to help you fall asleep or stay asleep?". Participants, through free response, reported the number of times they experienced each sleep outcome in the past week. The first three questions were modified from the GSAQ, while the last was modified from the PSQI. The first two questions about having trouble falling asleep or staying asleep were combined for the purpose of our analysis to best replicate the original and validated item in the GSAQ. Outcomes were modeled as categorical variables.
Neighborhood social cohesion
The independent variable in this study was neighborhood social cohesion measured using a modified version of a four-item scale developed by the Project on Human Development in Chicago Neighborhoods Community Survey [18] . Participants were asked to indicate how much they agreed or disagreed with the following four statements: "People in this neighborhood help each other out.", "There are people I can count on in this neighborhood.", "People in this neighborhood can be trusted.", and "This is a close-knit neighborhood." Response choices included: "definitely agree" (4), "somewhat agree" (3), "somewhat disagree" (2) , and "definitely disagree" (1) . The neighborhood social cohesion variable was calculated as the sum of the four response options. Scores ranged from 4 to 16, with higher scores indicating greater perceived levels of social cohesion. The Cronbach alpha was 0.89. Social cohesion scores were further categorized into groups according to tertiles of the distribution of responses: low (<12), medium (12) (13) (14) and high (≥15).
Covariates
Participants self-reported their sex, age, race/ethnicity, height, weight, education, household income, employment status, marital status, smoking status, level of emotional distress and physical activity. Race/ethnicity was categorized as either only NHPI or multiracial NHPI. Obesity status, defined as a body mass index ≥ 30 kg/m 2 was calculated from self-reported height and weight.
Educational attainment was dichotomized as attainment of a bachelor's degree or no bachelor's degree. Household income was categorized as $0-34 999, $35 000-74 999, and ≥$75 000. Employment was dichotomized as employed or non-employed. Marital status was categorized as married/living with partner or all other categories. Smoking status was categorized as current smoker or not current smoker. Emotional distress was assessed using the Kessler Psychological Distress Scale (K6), a brief measure of nonspecific psychological distress in the anxiety-depression spectrum [22] . We modeled the score as a continuous variable. Physical activity was categorized as insufficiently active (<150 minutes/week) and sufficiently active (>150 minutes/week).
Statistical analysis
Of the 2590 adults in the NHPI NHIS, we excluded participants with missing information on neighborhood social cohesion, sleep duration, and sleep quality, resulting in a sample of 2464 participants. Descriptive characteristics of the sample were calculated and stratified by sleep duration. Chi-square tests were used to examine differences across sleep duration. To examine the extent to which a 1 SD decrease in neighborhood social cohesion score (3.08 points) and the social cohesion category were associated with sleep duration, we used multinomial logistic regression to calculate the adjusted odds ratio of short and long sleep duration relative to intermediate sleep duration. We used the Taylor series linearization method to calculate the standard deviation of the social cohesion score in our analytic sample. We used binary logistic regression for dichotomous sleep quality outcomes. Results from all models were adjusted for confounders chosen a priori based on a review of the literature. For all outcomes, model 1 was age-and sex-adjusted, while model 2 further adjusted for additional sociodemographic variables (level of education, income, employment status, marital status) and model Table 1 shows the characteristics of the study population overall (n = 2464) and by neighborhood social cohesion. The mean neighborhood social cohesion score was 12.4 units (0.11, range 4-16), with 23% reporting low social cohesion, 45% reporting medium social cohesion, and 32% reporting high social cohesion. Overall, 40% of the cohort reported short (<7 hours) sleep duration, 55% reported intermediate (7-9 hours) sleep duration, and 4% reported long (>9 hours) sleep duration. Approximately 47% (SE 1.14) of the study population reported having trouble falling or staying asleep one or more times in the past week, 9% (SE 0.82) reported taking medication for sleep in the past week, and 17% (SE 1.16) reported waking up feeling well rested for zero days in the past week.
Results
In bivariate analyses, we found that respondents who reported low neighborhood social cohesion were more likely to have attained less than a bachelor's degree, lower income, be a current smoker, report less physical activity and report higher emotional distress (Table 1) .
Short sleep duration
In age-and sex-adjusted models, each 1 SD decrease in neighborhood social cohesion score was associated with a 26% (OR: 1.26, 95% CI: 1.13, 1.40) higher odds of short sleep duration relative to intermediate sleep duration. These associations persisted but were slightly attenuated after further adjustment for other sociodemographic (OR: 1.23, 95% CI: 1.11, 1.36) and behavioral risk factors (OR: 1.14, 95% CI: 1.02, 1.29) ( Table 2) .
Compared to participants who reported high neighborhood social cohesion, those who reported low neighborhood social cohesion had higher odds (OR: 1.96, 95% CI: 1.45, 2.65) of short sleep duration after adjustment for age and sex. This association persisted and remained statistically significant after further adjustment for sociodemographic variables (OR: 1.90, 95% CI: 1.42, 2.53) and additional confounding and mediating behavioral risk factors (OR: 1.53, 95% CI: 1.10, 2.13).
Medium neighborhood social cohesion was not associated with short sleep duration.
Sociodemographic and behavioral risk factors that were independently associated with short sleep duration in the fully adjusted model included being unemployed (OR: 0.56, 95% CI: 0.39, 0.79) vs. being employed and higher emotional distress (OR: 1.10, 95% CI: 1.05, 1.15) per 1 unit increase in K6 score.
Long sleep duration
In age-and sex-adjusted models, each 1 SD decrease in neighborhood social cohesion score was associated with a 35% (OR: 1.35, 95% CI: 1.04, 1.75) higher odds of long sleep duration relative to intermediate sleep duration. These associations were attenuated after further adjustment for other sociodemographic variables (OR: 1.31, 95% CI: 1.00, 1.71) and were no longer significant in fully adjusted models (OR: 1.27, 95% CI: 0.97, 1.67) ( Table 2 ).
Sleep quality
In age-and sex-adjusted models, each 1 SD decrease in neighborhood social cohesion score was associated with a 30% higher odds (OR: 1.30, 95% CI: 1.11, 1.51) of having trouble falling or staying asleep in the past week. Results were attenuated after adjustment for further sociodemographic variables (OR: 1.22, 95% CI: 1.05, 1.42) and were no longer significant in fully adjusted models (OR: 1.11, 95% CI: 0.94, 1.31). Low neighborhood social cohesion (vs. high neighborhood social cohesion) was associated with increased odds (OR: 2.15, 95% CI: 1.40, 3.29) of having trouble falling or staying asleep after adjustment for age and sex. This association was attenuated after further adjustment for additional sociodemographic variables (OR: 1.88, 95% CI: 1.25, 2.83) but was no longer significant after adjustment for smoking, obesity, emotional distress, and physical activity (OR: 1.43, 95% CI: 0.90, 2.25) ( Table 3) .
Medium neighborhood social cohesion (vs. high neighborhood social cohesion) was associated with a 43% (OR: 0.57, 95% CI: 0.37, 0.87) lower odds of using sleep medication to fall asleep in fully adjusted models.
In fully adjusted models, we did not find associations of neighborhood cohesion with the number of days participants woke up feeling well rested in the past week.
Discussion
In this nationally representative sample of NHPI adults in the United States, we found each 1 SD decrease in neighborhood social cohesion score was associated with higher odds of short sleep duration after adjusting for age, sex, and additional sociodemographic variables that may confound or mediate the association between neighborhood characteristics and sleep outcomes. Low social cohesion was also associated with increased odds of short sleep duration in fully adjusted models. Lastly, although effect estimates for neighborhood social cohesion and long sleep duration appeared higher than estimates for short sleep duration, we did not find evidence of significant associations in fully adjusted models. However, the small sample size of respondents with long sleep duration resulted in wide CIs for the ORs for long sleep duration and suggests that these analyses were underpowered. Although associations between neighborhood social cohesion and sleep duration and quality have been explored in other adult [14, 15] and adolescent populations [23] , this study is the first to examine these associations in a large population of NHPIs. Our study replicated findings from a previous study examining the association of neighborhood social cohesion and sleep duration. An analysis of the Multi-Ethnic Study of Atherosclerosis (MESA), an ethnically/racially diverse adult population, found a significant association between higher neighborhood social cohesion and longer sleep duration in fully adjusted models. This analysis assessed participants' sleep patterns with wrist actigraphy data, enhancing the accuracy of sleep measures through anthropometric data, rather than relying on self-reported information. Furthermore, this study also administered survey-based measures of the neighborhood social environment to a substantial independent sample from the same census tracts as participants. The responses were then aggregated over multiple respondents, perhaps yielding a more exact measure of social cohesion and safety. The authors note that when similar analyses were conducted with self-reported neighborhood characteristics and compared to those from census tract-level neighborhood characteristics, the estimates were attenuated and mostly nonsignificant [15] . However, unlike our study and MESA, an analysis of the Jackson Heart Study examining neighborhood characteristics and sleep in an African American population failed to find an association between social cohesion and short sleep duration in fully adjusted models for sociodemographics and risk factors for poor sleep outcomes. However, the study found an association between high neighborhood violence, disorder, shorter sleep duration, and poorer reported sleep quality in fully adjusted models. Compared to the NHPI NHIS, the Jackson Heart Study analysis included a much larger sample population, enabling greater precision and recognition of significant findings. This study also assessed additional aspects of the social environment and included US census tract-level data, such as neighborhood violence and problems. Furthermore, all risk factors for poor sleep outcomes were evaluated anthropometrically or by validated study instruments. Thus, behavioral risk factors or sleep outcomes may have been inaccurately self-reported in the NHPI NHIS population, leading to null results in associations between social cohesion and insufficient sleep. Lastly, all participants resided in Jackson, Mississippi and their experiences might not be representative of a broader population [14] .
Our study did not replicate previous findings of associations between neighborhood social cohesion and other sleep quality variables in fully adjusted models. An analysis of the Health and Retirement Study found lower social cohesion to be associated with greater odds of having trouble falling asleep and feeling unrested in the morning. Of note, this study was conducted in a large population of middle-aged and older-aged adults, all ≥50 years old and perhaps already at higher risk for adverse sleep outcomes given their age, which would have increased the baseline prevalence of insufficient sleep in the study population. Furthermore, 82% of the study population identified as non-Hispanic white, a group which may perceive or experience social cohesion differently from minority racial/ethnic populations. Lastly, categorical response options for social cohesion were collapsed into binary variables and might conceal nuances about the neighborhood environment [24] .
Previous studies have also found higher neighborhood social cohesion to be associated with earlier sleep midpoint [14] , lower odds of being bothered by trouble sleeping, longer sleep duration, and decreased daytime sleepiness [25] .
Behavioral risk factors and conditions including obesity, smoking, emotional distress, and physical activity, appeared to confound the relationship between neighborhood social cohesion and sleep outcomes, as our results were often attenuated after full adjustment for these factors. It is well-established how behavioral risk factors such as smoking, obesity, emotional distress, and physical activity impact sleep outcomes through biological and behavioral pathways. However, these behavioral risk factors and conditions may also affect neighborhood social cohesion through influencing the immediate social and physical environment. For example, smoking creates an unpleasant physical environment for residents and directly discourages social interaction. Individuals with emotional distress may isolate themselves and withdraw from the social community, leading to reduced interactions amongst residents. Similarly, obese individuals may experience discrimination, leading to emotional distress and an antagonistic social environment. Lastly, physical activity may encourage social interaction, as it reinforces beneficial norms, is interactive and often takes place in one's neighborhood. Further research is necessary to delineate how behavioral risk factors may influence the relationship between neighborhood social cohesion and sleep outcomes.
Thus, our observed associations may represent important pathways by which an adverse neighborhood social environment predisposes individuals to poor sleep and later health outcomes. While the underlying mechanism by which neighborhood factors affect sleep outcomes remains unclear, several mechanisms may account for the association between neighborhood social cohesion and sleep duration and quality. It has been hypothesized that adverse social environments result in psychological distress [26] and depression [27] which may directly affect initiation and maintenance of sleep through biochemical pathways and lead to short sleep duration and reduced quality. An adverse neighborhood environment may also cause dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis, which mediates responses to stressors and is known to result in reduced total sleep time, insomnia and poor sleep quality [28] . In addition, the current literature suggests that sleep outcomes may partially mediate the relationship between socioeconomic status and health. For example, low educational attainment limits occupational opportunities for individuals, who are then more likely to be unemployed or have undesirable jobs with adverse working conditions and hours, lower income, less autonomy and inability to purchase and practice healthy behaviors such as adequate sleep duration and quality [29, 30] .
This study is the first to examine neighborhood-level influences on sleep in the NHPI population and adds to the literature in several ways. First, we included a large and socio-demographically diverse population of NHPIs, whereas the existing work has focused largely on other racial and ethnic populations. Notably, the NHPI NHIS is the largest national health survey of NHPIs to date and the first to include more than a few hundred participants. Second, we included multiple sleep duration and quality outcomes. These findings have potential implications for the health of NHPIs, given that adverse sleep outcomes are associated with increased morbidity and mortality. Although associations between neighborhood social cohesion and sleep outcomes have been documented in African American, Latino, and Caucasian populations, this study is the first to explore these relationships in a large population of NHPIs.
Findings from this study must be interpreted within the context of study limitations. Since this study was cross-sectional in design, causal relationships and directionality cannot be inferred. In addition, all data was collected by self-report, making responses prone to bias. The self-reported neighborhood social cohesion and sleep measures reflect the individual's perception of the neighborhood environment and sleep duration and quality, and may correlate poorly with objective measures. Further, our analysis was limited by absence of geocoded data, additional variables about the neighborhood and physical environment in which participants lived, diagnoses or treatment of sleep disorders or snoring and use of medications that might affect sleep outcomes. As discussed previously, the analysis of the small subgroup of respondents with long sleep duration was likely underpowered. Lastly, residual confounding is possible if there were unmeasured covariates that were not accounted for in the statistical models.
These findings demonstrate that a supportive neighborhood social environment is associated with decreased odds of short sleep duration in the NHPI population.
